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USING A CDTI WITH INDICATIONS TO PREVENT RUNWAY INCURSIONS 
 
Kathleen McGarry 
John Helleberg 
MITRE/CAASD 
McLean, VA, USA 
 
A human-in-the-loop simulation was performed to evaluate an advanced Aircraft Dependent 
Surveillance – Broadcast (ADS-B) application that provides runway safety indications on a 
Cockpit Display of Traffic Information (CDTI) implemented on a Class 2 Electronic Flight 
Bag (EFB).  There are display limitations associated with the use of a Class 2 EFB including 
when the ownship symbol is shown, and how the surface moving map is displayed at various 
stages of flight.  Nineteen pilots viewed the CDTI in a baseline condition without indications, 
and then in two conditions with traffic and/or runway indications while operating a medium-
fidelity flight simulator. Subjective results indicate that pilots preferred a CDTI with runway 
indications over a baseline CDTI without such indications. Pilots reported that it was difficult 
to determine the location of traffic relative to ownship when the display was in North-up 
mode. The objective performance results showed few performance differences across display 
types. 
 
 The Federal Aviation Administration (FAA) has made reducing the number and severity of Runway Incursions 
(RIs) one of their top priorities.  These efforts have produced a significant reduction in the number of serious RIs 
(Category A and B), lowering the number of these incursions from 67 total events in  Fiscal Year (FY) 2000 to only 
6 events in FY 2010 (FAA, 2010).  While the number of serious incursions has declined, the rate for all incursions 
went from 12.3 per million operations in FY 2005 to 17.2 per million operations in FY 2008 (FAA, 2009).  To 
address this problem, extensive human factors research has been performed.  This research has generally indicated 
that human behavior is a root cause for RIs (FAA, 1998; Bales, Gillian & King, 1989; Steinbacher, 1991; Adam and 
Kelly 1996).  This research has identified several factors contributing to RIs, including airport characteristics such as 
signage, markings, lighting, runway geometry, as well as lack of pilot familiarity with the airport surface and 
procedures. Other factors include the communication of control clearances over the radio, which can represent an 
information bottleneck, as well as factors concerning crew and air traffic control (ATC) operational procedures.  
 In an effort to increase pilot situation awareness of surface hazards, flight decks have begun to be equipped with 
moving maps that can display the airport and airport surface movement. Standards for the CDTI are currently being 
developed for different platforms on the flight deck such as electronic flight bags (EFBs) to support retrofit 
applications as well as integration with the Navigation display for forward fit aircraft.  Research has been conducted 
in support of RTCA (formerly Requirements & Technical Concepts for Aviation; and formerly Radio Technical 
Commission for Aeronautics) Special Committee (SC)-186 Automatic Dependent Surveillance-Broadcast (ADS-B), 
“SURF IA” subgroup.  This working group is developing the concept of enhanced traffic situation awareness 
(ATSA) on the surface (SURF) with indications and alerts (IA).  Several simulations have been conducted to 
examine the effectiveness of indications and alerts presented on a CDTI as a way to reduce the risks of RIs and 
runway conflicts. 
 
SURF IA Application Description 
 
 The goal of the SURF IA application is to enhance the information on the CDTI to prevent runway incursions 
and avoid collisions.  To do this, relevant traffic and runways are indicated or alerted on the CDTI.  During normal 
operational conditions, safety relevant traffic is highlighted on the display.  Once the situation becomes non-normal, 
alerts are provided to help avoid collisions.  Previous research has explored the use of both indications and alerts 
provided on a Class 3 EFB, which is considered to be installed equipment and are certified to a level that allows 
both indications and alerts to be presented.  Another type of flight deck display that could host the SURF IA 
application is a Class 2 EFB.  Class 2 EFBs are considered Portable Electronic Devices (PED) and are not certified 
to present caution/warning level alerts.  On Class 2 EFBs, indications provide safety-relevant information during 
normal operations and persist when the situation transitions from normal to non-normal (i.e., no alerts are provided).  
There are also some display limitations when using a Class 2 EFB. When ownship is taxiing on the airport surface at 
a speed below 40 kts, the surface moving map (SMM) is ownship-centric.  The map will display as track-up, and the 
 
 
ownship symbol will be shown on the display, corresponding to its actual position.  Ground and airborne traffic that 
is within five miles and up to 1000 feet Above Ground Level (AGL) of the airport will be shown on the display.  
When ownship exceeds 40 kts (usually, this would be during a takeoff roll), the ownship symbol is removed from 
the display.  The SMM continues to move and rotate according to ownship position and heading, but the symbol 
depicting the ownship location on the map is no longer shown.  Once ownship reaches the airport map boundary 
(after takeoff), the SMM freezes and awaits a configuration change.  When ownship is on approach, the SMM is a 
north-up map centered on the airport.  Ownship position is not shown, and ground and airborne traffic within five 
miles and 1000 feet AGL of the airport are shown on the display once ownship is within three miles of the airport 
center.  Prior to ownship being within three miles of the airport center, no traffic is shown; only the north-up map is 
shown.  Once ownship touches down, but is still above 40 kts, the north-up map transitions to a track-up, ownship-
centric SMM.  However, the ownship symbol is not displayed on the map at touchdown.  When ownship slows to 
below 40 kts, the ownship symbol appears on the map, and the display exhibits the same behavior as taxi operations 
below 40 kts. 
CDTI and Indication Styles 
 The current research compared a previously used set of indication components (termed ATSA 2 style) with a 
new modified set of indications (termed ATSA 3 style) that was developed based on pilot feedback and performance 
in the two previous studies. Also, as limited work had been done in the previous research examining the 
effectiveness of a CDTI without indications at preventing RIs, this study included a third condition with no 
indications.  In all three display conditions, all traffic within five miles and 1000 ft AGL of the airport, and within 
the pilots’ currently selected display range was shown regardless of whether it was considered relevant to the current 
operation (i.e., there was no filtering of traffic). Airborne traffic not causing an indication was depicted with a cyan 
chevron and included a data tag depicting the traffic’s relative altitude.  Surface traffic not causing an indication was 
depicted with an unfilled brown chevron with a dot in the center of the symbol.   
 This simulation used a Class 2 EFB to present the traffic and indications to the pilots.  Due to the certification 
limitations with a Class 2 EFB, only indications (no alerts) were presented to participants.  The indications 
highlighted safety relevant traffic to the flight crew.  Because alerts cannot be shown on a Class 2 EFB, if a situation 
became a conflict, the indications remained on and there is no display change between normal and non-normal (i.e., 
conflict) events.   There were two levels of indications provided to the flight crew: secondary and primary.  A 
secondary indication was presented if there was a low potential threat for runway safety, such as when there is a low 
speed convergence between ownship and the indicated traffic, or a high speed divergence between them.  A primary 
indication was presented if there was a high potential threat for runway safety, for example, when there is a high 
speed convergence in front of the departing aircraft.   
 In the ATSA 2 indication style, when a secondary indication was active, the relevant traffic was highlighted and 
a message was provided in the text box on the display.  For secondary indications, the text box provided the relevant 
runway number followed by the word “PREDICTED.”  The traffic was highlighted by enlarging the chevron, filling 
it in, and providing flight ID and ground speed for ground traffic, and flight ID and relative altitude for airborne 
traffic, see Figure 1. 
 
Figure 1. ATSA 2 Style Indications 
 
 
  When a primary indication was active in the ATSA 2 style, the traffic was highlighted in the same way as the 
secondary indications, but in addition, the affected runway was also highlighted with a blue and white outline (see 
Figure 1).  The text box provided the relevant runway number followed by the word “OCCUPIED” at the bottom of 
the display indicating that the runway was occupied.  The text box messages filled the function of providing 
indications for off-scale traffic, which are aircraft that precipitate the indication (either secondary or primary), but 
were not in range to be visible on the display at its current zoom setting.  The message provided the flight crew with 
awareness of relevant traffic that they otherwise would not be able to see due to it being outside the current display 
range.  Note that the text box runway status information was always provided regardless of whether the indicated 
traffic was on or off-scale.   
 The ATSA 3 style of indications kept some of the styling from ATSA 2, and made several modifications. The 
runway highlighting was kept, as was the flight ID and groundspeed of indicated traffic.  A circle (either dashed or 
solid, depending on whether a primary or secondary indication was being given) was added around the indicated 
traffic.  The indicated traffic was a filled in chevron, but it was not enlarged.  In addition, an off-scale traffic 
indication was provided to show what traffic was triggering the indication, even if the zoom setting was such that 
the traffic was not shown on the display.  The ATSA 3 secondary indication was similar to the ATSA 2 style in that 
it consists of a filled traffic chevron and provides the flight ID and ground speed/absolute altitude.  However, in 
addition to these features, the ATSA 3 style secondary indication also included highlighting of the runway.  For a 
secondary indication, the runway is outlined with a dashed blue line, and a dashed blue circle outlines the traffic that 
is triggering the secondary indication (see Figure 2).  When a primary indication was presented, the traffic was filled 
in, the flight ID and ground speed/absolute altitude were shown, and the runway outline and traffic symbol circle 
become solid.   
 
 
Figure 2. ATSA-3 Style Indications 
 With both secondary and primary indications, off scale traffic was represented by a filled arrow shape symbol, 
with the ground speed/absolute altitude information displayed, and the symbol surrounded by a circle (dashed for 
secondary and solid for primary indications).  The color of the symbol and surrounding circle reflected the traffic’s 
current air/ground state such that cyan symbols were airborne and brown symbols were on the surface.  The off-
scale traffic was shown on the display in a dedicated “margin” area outside of the other map information, at relative 
bearing to ownship, and the arrow pointed in the direction of the traffic’s ground track.  This off-scale symbol 
provided the flight crew with relevant traffic information when the traffic was beyond the currently selected display 
range.  Once the zoom level was changed so the traffic was within the range of the display, or if the traffic moved 
within range of the current zoom setting, the off-scale indication changed into a regular traffic indication. 
Method 
This simulation focused on three main research questions.  The first was:  Will the limitations of a Class 2 EFB 
have an impact on pilot acceptance of the ATSA SURF IA system?  The second question the research explored was 
would there be a difference in pilot preference between the three indication display styles?  The final question the 
research focused on was if the three display types would have an impact on conflict avoidance. 
 Ten Airline Transport Pilot (ATP) rated crews participated in the study.  Nineteen were external pilots who 
volunteered to participate, and were compensated for their participation.  One pilot was a confederate who filled in 
for an external pilot that was unable to make the scheduled date.  Fifteen of the participants were male, and four 
were female with an average age of 34.6 years (range of 22-48).  The participants had an average of 15.9 years of 
piloting experience, ranging from 5-30 years. 
 
 
 The cockpit simulator used for this study was an enclosed, fixed based, medium fidelity transport aircraft 
simulator, configured as a generic twin-engine, large weight category, jet aircraft. An autopilot and auto-throttle 
system was used to control flight path and speed. The cockpit provided for two standard flight crew and observer 
positions. A retired Air Traffic Controller (ATC) acted as the confederate ATC and provided normal ATC 
instructions for all operation types to the pilots through a simulated radio communication system.  Another 
confederate acted as the pseudo-pilot and provided realistic background radio communications for the other traffic 
aircraft depicted in the simulation.   
 All scenarios were flown in and around a representation of Louisville Standiford International Airport (SDF).  
The traffic presented in the scenarios did not replicate normal operations at SDF; instead normal traffic levels were 
inflated to increase the use of the CDTI.  CDTI use was also encouraged by using ~1/2 mile visibility in all 
experimental scenarios.  The CDTI was presented on a simulated Class 2 EFB with a touch screen interface.  One 
was located to the left of the Primary Flight Display (PFD) for the left seat pilot flying (PF), and one was located to 
the right of the PFD for the right seat pilot monitoring (PM).  Each traffic display could be configured independently 
(e.g., the PF and PM could have different display ranges set simultaneously).   
 
Experimental Design 
 The study was a 3 (display type) x 3 (operation type) x 2 (conflict) factorial design.  The three display types 
were: CDTI-only (CDTI with SMM and traffic); ATSA 2 (CDTI with SMM, traffic and ATSA 2 style indications); 
and ATSA 3 (CDTI with SMM, traffic and ATSA-3 style indications).  The three operation types were approaches, 
departures, and taxi scenarios.  Each scenario could be either a conflict scenario, in which a traffic aircraft would 
lead to a RI if ownship continued, or a non-conflict scenario, in which ownship could continue the operation and a 
RI would not occur.  All scenarios were presented on a Class 2 EFB.  Pilots were shown eight experimental 
scenarios on each of the three display types for a total of 24 experimental scenarios for each crew.  Within each 
block of eight scenarios, four contained conflicts.  The eight scenarios consisted of four approaches (two contained 
conflicts), two departures (one contained a conflict) and two taxi scenarios (one contained a conflict).  Pilots saw 
each scenario once per display type, resulting in the viewing of each scenario a total of three times over the course 
of the experiment.  The scenarios were randomized within display type.  Pilots saw all eight scenarios using one 
display type at a time, and the order in which the display types were presented was counterbalanced. 
Experimental Procedure 
 Pilots completed a consent form and demographics form when they arrived.  They were then shown a short 
introductory briefing which described the technology they would be experiencing throughout the course of the 
simulation.  Pilots were trained on the flight simulator characteristics and given several practice scenarios to become 
accustomed to flying the simulator and interacting with the CDTI.  Once pilots were comfortable with the simulator, 
they were trained on the experimental display type they would be seeing in the first block of scenarios. The blocks 
were counterbalanced, so participants saw only the CDTI-only, ATSA 2, or ATSA 3 displays during each block.  
After the training, pilots were presented with the experimental scenarios, followed by a survey after each trial. Once 
they completed all the scenarios within the experimental block, they were given a block survey to provide their 
overall feedback on the experimental display type they just completed.  Pilots were then trained for the next display 
type, were presented with the scenarios, and responded to the surveys.  Once all three blocks of experimental 
scenarios were completed, there was debrief session to capture any feedback or comments from the pilots on the 
technologies they saw throughout the day.  The entire experiment took about eight hours to complete. 
 
Results 
 
Subjective Data   
 
 Class 2 EFB Limitations. Pilots were asked to rate how difficult it was to determine where surface traffic was 
in relation to ownship position.  This was asked because while using a Class 2 EFB on approach, the surface map 
was in a North-up position.  Once the pilots touched down, the map transitioned to a Track-up display, though 
ownship was not shown on the display until aircraft speed dropped below 40 kts.  Pilots reported that it was 
significantly more difficult to determine where the surface traffic was in relation to ownship when the display was in 
North-up mode than when it was in Track-up mode (Wilcoxon Signed Ranks Test = -3.83, p < .01).  This was true 
across all three display types (see Figure 3).  When comparing North-up and Track-up modes between display types, 
 
 
there were no reported differences.  Pilots rated the difficulty similarly for both North-up mode and Track-up across 
display type. 
 
 
Figure 3. Pilot Ratings of Difficulty in Determining where Surface Traffic was in Relation to Ownship 
 
Indication Ratings.  Pilots were asked to rate the usefulness of the complete suite of indications they saw.  For 
the analysis, this was broken down by operation type (approach, departure, and taxi).  Pilots rated the suite of 
indications on a five-point scale from “completely useless” to “completely useful.”  There was no significant 
difference in the average ratings between ATSA 2 and ATSA 3 styles of indications.   
Workload Ratings.  Pilots completed the Bedford Workload Rating Scale after each scenario.  Average 
workload ratings for all three display types were low, and there were no significant differences in pilot workload 
ratings between the three display types.   
 
  Effectiveness of CDTI. Pilots were asked to rate the effectiveness of the three display types (CDTI-only, 
ATSA 2 and ATSA 3) on incursion avoidance.  On a four-point scale, analysis found that pilots rated the ATSA 3 
display significantly higher than the CDTI display in effectiveness (Friedman Chi Square (2) = 8.9, p < .05).  
Pairwise comparisons found that ATSA 3 was rated significantly more effective than CDTI-only (Wilcoxon Signed 
Ranks Test, p < .01).  There were no pairwise differences between ATSA 2 and ATSA 3, or between ATSA 2 and 
CDTI-only (see Figure 4). 
 
Figure 4. Effectiveness of Display Type on Incursion Avoidance 
Objective Data 
 Conflict Avoidance. Each crew flew 24 experimental scenarios for a total of 240 experimental scenarios across 
all crews.  In half of those scenarios the crews were presented with a conflict scenario in which they would have to 
respond in some way (dependent on operation type) in order to avoid a RI.  This resulted in a total of 120 conflict 
scenarios across three operation types (approach, departure, and taxi scenarios) for analysis.  Each crew was 
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presented with six approach conflicts (two per display type), three departure conflicts (one per display type) and 
three taxi conflicts (one per display type).  The experimenters monitored the crew’s reaction to each conflict 
scenario and recorded whether or not they were able to avoid the conflict.  For approach scenarios, avoiding the 
conflict meant not touching down on an occupied runway, for departure scenarios, avoiding the conflict meant not 
initiating a takeoff while the runway was still occupied, and for taxi scenarios, avoiding the conflict meant not 
crossing the intersecting runway hold line until after the conflict departure had passed.  When all three operation 
types were combined, there were no significant differences in number of conflicts avoided between display types.  
All three display types avoided a high number of conflicts presented in the scenarios (34/40 in CDTI-only, 37/40 in 
ATSA 2, and 38/40 in ATSA 3).   
 However, when each operation type was analyzed separately, there was a significant difference between display 
types for approach (Friedman Chi Square (2) = 6.3, p < .05) and departure operations (Friedman Chi Square (2) = 
6.0, p = .05). For approach operations (20 scenarios), the crews avoided all of the conflicts with the ATSA 2 display, 
but were unable to do so with the CDTI-only display (15 conflicts avoided) and ATSA 3 displays (18 conflicts 
avoided).  Pairwise comparisons showed that there was a significant difference in conflicts avoided during approach 
scenarios between the ATSA 2 display and the CDTI-only display (Wilcoxon Signed Ranks Test = -2.24, p < .05), 
but the other pairwise comparisons were not significant.  For departure operations (10 scenarios),  the opposite trend 
was found,  in that the crews avoided all of the conflicts with the CDTI-only and ATSA 3 displays, but were unable 
to do so with the ATSA 2 display (7 conflicts avoided).  However, pairwise comparisons showed that there were no 
significant differences in conflicts avoided during departure scenarios between the ATSA 2 display and the CDTI 
and ATSA 3 displays.   
Conclusions 
 In conclusion, the Class 2 EFB limitation that requires a North-Up display while on approach may not be 
acceptable to pilots when traffic is included on the SMM.  However, lack of an ownship symbol was more 
acceptable to pilots as they rarely noticed it was missing.  While differences in pilot performance due to display 
types were not observed, pilots did report that they felt that the ATSA 3 style of indication was more effective at 
preventing incursions.  This is a preference, however, and was not supported by the performance data which 
suggests that indications may not provide significant benefits beyond what can be gained with a CDTI-only display.  
There was no evidence of any performance or preference costs associated with indications as compared to the CDTI-
only display as the indications did not adversely impact surface efficiency. It is possible that performance benefits 
may be realized through further refinement of the indication style and pilots showed a preference for the ATSA 3 
style indications over the CDTI-only display.  Therefore, it is suggested that additional research be conducted.   
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